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1. All the calculations presented here were done with the TALYS code
2. and benchmarking with the MCNP5 code
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Modeling : OM + SM calculations ...

For 235U isotope,

Just to show the results ...
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Fission Coss Sections
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Fission Coss Sections
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Fission Coss Sections

status on 30/10/2014
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Fission Coss Sections

22
24 E =
[ n +2py g’
t 2
22 F | g
8 18 |
£, t | (88)1.6
S I 18 1
:% ] Oi4
18 O I
g 1 127
&) ol
16 r
1
14 n Lol ool Lol 0A87wwm\ n n Lol n ool
10? 10" 1 10 10" 1 10
Neutron Energy (MeV) Neutron Energy (MeV)

IAEA’s standard BRCweek38

CIELO 11/3-5/2014 P. Romain, B. Morillon, H. Duarte Status of 23°U evaluation in the high energy region



Fission Coss Sections
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Capture Coss Sections
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Capture Coss Sections
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Inelastic Coss Sections
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Prompt fission neutron spectra! (center of mass)

do.m.(€) =

o ce~¢/T . Weisskopf spectrum 2.
@ P(T) : temperature distribution of fission-fragment
Terrell — triangular distribution :
P(T)=2T/T}, T < Ty =\/E;;/a
e <FEj>=<E.>+B,+E,— <Ef">
@ o, : cross section for the inverse process of compound nucleus
formation
(n + (A — 1)FF — AFF)-

1. D.G.Madland,J.R.Nix, NSE, 81, (1982)
2. V.Weisskopf, Phys. Rev. 52, (1937)
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Transformation to laboratory system !

(\/ E+\/EF)2¢ ( )
1 c.m.(€
FE Erp) = A/
¢r.(E, EF) Wio e €
(VE—vEr)?

¢r.(E, Er) : neutrons emitted isotropically from a fission fragment
with average kinetic energy per nucleon Er.

1. D.G.Madland,J.R.Nix, NSE, 81, (1982)
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Transformation to laboratory system !

| (VE+\/EF)2¢ ()
C.M.\€
E. Er) = ————7d
¢1.(B, Br) 4/Ep N
(VE—\/EFp)?

or.(E, Er) : neutrons emitted isotropically from a fission fragment
with average kinetic energy per nucleon Er. In this model, two
fragments :

Madland Nix

(¢r.(E, EE) + ¢1.(E, EL))
2

¢L.(E) =

zg +arp =1

1. D.G.Madland,J.R.Nix, NSE, 81, (1982)
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Transformation to laboratory system !

| (VE+\/EF)2¢ ©
Cc.M.\€
E Ep)= ———=d
(VE—VEFr)2

¢r.(E, Ep) : neutrons emitted isotropically from a fission fragment
with average kinetic energy per nucleon Er. In this model, two
fragments :

Modified Madland Nix

(zndr.(E,EF) + 21.91.(E, Ef))

¢L.(E) = 5

rg + a2 =1

1. D.G.Madland,J.R.Nix, NSE, 81, (1982)
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Neutron emitted from Light and Heavy fragments

n+2°y 0.025eV \

Starostov (1985)
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235U(n,f) : prompt fission neutron spectra
(0.025 eV, 530 keV, 2.9 MeV, 14.7 MeV)

BRC2013 - BRC2014
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N Fou ™ (\
\ w 025 eV

‘\ g wkoesev \\
=i

\
BREZOIAN, "%ﬂ

N(E) (Mev™)

E BRE2013::000y e

E N\ N

L i AN

0 5 10 ) i
Johansson (1977) Boikov (1991) Boikov (1991)

?\ TR e | (T

N(E) (Mev™)

CIELO 11/3-5/2014 P. Romain, B. Morillon, H. Duarte Status of 23U evaluation in the high energy region



235U(n,f) : prompt fission neutron spectra
(0.025 eV, 530 keV, 2.9 MeV, 14.7 MeV)

3 - BRC2014 / well
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235U(n,f) : prompt fission neutron spectra
(0.025 eV, 530 keV, 2.9 MeV, 14.7 MeV)

Heavy (1.) and Light (1.) Fragment

Starostov (1985) Nefedov (1983) Kornilov (2010)
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235U(n,f) : prompt fission neutron spectra
(0.025 eV, 530 keV, 2.9 MeV, 14.7 MeV)

Heavy (1.25) and Light Fragment

Starostov (1985) Nefedov (1983) Kornilov (2010)
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Status of 2>°U evaluation in the high energy range

TESTs!!]
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Status of 2>°U evaluation in the high energy range

vers2 = MF2MT151(Luiz LEAL) + MF1,3,4,5,6(JENDL4.0)
vers3 = MF2MT151(Luiz LEAL) + MF1,3,4,5,6(BRCucac)
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Status of 2>°U evaluation in the high energy range

vers2 = MF2MT151(Luiz LEAL) + MF1,3,4,5,6(JENDL4.0)
vers3 = MF2MT151(Luiz LEAL) + MF1,3,4,5,6(BRCucac)
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Status of 2>°U evaluation in the high energy range

vers2 = MF2MT151(Luiz LEAL) + MF1,3,4,5,6(JENDL4.0)
vers3 = MF2MT151(Luiz LEAL) + MF1,3,4,5,6(BRCucac)

with — /™\ ~

N
N

735
U

=

I

o Ony
1

O

Frol * BRC-TALYS

) ENDF/B-VI|

hat?

5

I
EY
10

1 1‘0 11;'2 11;" ‘1 1‘0
Neutron Energy (MeV) Neutron Energy (MeV)

Differences reported on Total Elasctic XS

CIELO 11/3-5/2014 P. Romain, B. Morillon, H. Duarte

Status of 232U evaluation in the high energy region



@)
—
—
O
g
0
L
&)
=
L
)
O

]

HEU MET FAST

pze
dce
qee
ece
820
a8t
8T
ST0
10
€10
T10

M
2%
/.77 i dovers
m “pawowsm wpuiks 77/
[ 10 dop § V)
T e e
S W % ‘piawifypkiod
S I
g U .tkmﬁ;%
-t 7787
z 2 7% s_EH
| | | &,\\& | | | |
g & & 8 - § & 3 8
B ] B < twv_ =] S = =]

Status of 232U evaluation in the high energy region

)
8
t
@
3
[a]
T
<
o
5
=
o
‘T
£
<]
['4
o
<
=
o
q
5
Q
=
=1
o
par]
w
V)




<
.9
7]
o
N
>
&
=
o]
<
C
B
i
=
o
=
=]
=
<
.2
p=]
]
=
@
>
o
=
W5
]
]
G
<)
@
=
2
1]
3
)

&\\\\\\\& pze
200, | e
ak 20 aee
Ny eze
T % 47 pindowels 820
< & o || o
L M "1 IN0UYM BPUIIAD §x \/\ ST0
T H pin dep §\@ 10
L s m .w NW\\\\“\@\\ ‘pipes  |ETO
o) > > 207 ‘piawifypod | TTO
™ 5SS w7 o0
_m__HL mu & (= ma,@ aro
st T er0
2aa i s_SuH ato
| | | %,\\& | | | | [

g €8 § . 8§38

»EV_ [S] S =] o

2014 P. Romain, B. Morillon, H. Duarte

@)
—
—
O
g
0
L
&)
=
L
)
O

]




HEU-MEU-INTER-006 (ZEUS)

1.015
1.01
1.005 —
L
O 1=
0.995 — O-OBVII.1+ves2
OB BVII.1 + vers3
- BVII.1+ JENDL4
A-ABVIA1
0.99
| | |
0.985
0 20 40 60

Average Neutron Lethargy Causing Fission (keV)



construction of an evaluation

De-re-construction
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construction of an evaluation
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construction of an evaluation

De-re-construction
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construction of an evaluation

De-re-construction
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construction of an evaluation
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construction of an evaluation
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Fresnel Representation - ?3°U eval. DE-RE-construction
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. 929K .
Fresnel Representation - ?3°U eval. DE-RE-construction

MCNP study of the GODIVA critical benchmark
kegr (vers2) = 0.99689(13) kg (vers3) = 1.00135(13)
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Fresnel Representation - ?3°U eval. DE-RE-construction

MCNP study of the GODIVA critical benchmark
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Fresnel Representation - ?3°U eval. DE-RE-construction
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MCNP study of the ZEUS-1 critical benchmark
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MCNP study of the ZEUS-4 critical benchmark
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Rincge AE & 2 3) = 0.99443(16
il :1>> g eff (vers2 — vers3) = 0. (16)
s’ = Jaff rev . . X
vers2 < -+ MF5MT18 vers3 E TNTJS‘S‘, < ;c ke (vers2 — vers3) = 0.99426(15)
fis. spectra 570 = e & {:; Y =W kogy (vers2 — vers3) = 0.99465(16)
o= L
i S = ke (vers2 — vers3) = 0.99460(16)
T =
S R Nﬁ kegy (vers2 — vers3) = 0.99759(17)
(o] ~ v
§ % g
> >
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Status of 2>°U evaluation in the high energy range

BIGTEN??777?

BUT nevertheless ...
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construction of an evaluation

De-re-construction

— N\
vers3new ¢ part-1 an.1\\\\“
vers3new 4 part-2 BVII.IW
srsnen oo RN
vers3new + part-4 BVII.lm\‘
SANNNN

BVII.1
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. 929K .
Fresnel Representation - ?3°U eval. DE-RE-construction

MCNP study of the GODIVA critical benchmark
ke (BVII.1) = 1.00000(13) ke (vers3new) = 0.99938(14)

n,y +163
sp. \1581
el -457
/4202 ) ..
_ ' nn’ néyo k(;ﬁ (eXp-OI’IgIn)
‘\\ Qﬁ\\ %% ke = 1.00000(100)
' - B ‘ ) .
n.2n -119 keg (vers3new-origin)
n,n’ +320 nf +318
keg (vers2- orlgm)
el -41
v -367
' \ T n,2n +67
fis. spectra —1171
n,vy +223
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. 929K .
Fresnel Representation - ?3°U eval. DE-RE-construction

MCNP study of the HMFO014 critical benchmark
ke (BVII.1) = 0.99778(20) kg (vers3new) = 0.99560(19)

%\\ % \j ]?(jﬁ—(efp(_orig;n)

Ty (versanew-origin)
keg (vers2-origin)

__________________________________ >

v 301 el +35  §

A
fis. spectra -1511 '

n,y +184
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. 929K .
Fresnel Representation - ?3°U eval. DE-RE-construction

MCNP study of the BIGTEN (IMF007a) critical benchmark
kogr (BVII.1) = 1.00441(17) kog (vers3new) = 0.99334(16)

el -32

| \%‘!‘ﬁw kegr (exp-origin)

N N kegy = 1.00450(70)

kegr (vers2- or|g|n)

L oal ‘ n,f 4299
new
v +209

fis. spectra -570\ ml,

nn' -5
el -17 Y

A A
- n,2n +39 )
keg (vers3new-origin)

~ +283
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. 929K .
Fresnel Representation - ?3°U eval. DE-RE-construction

MCNP study of the BIGTEN (IMF007a) critical benchmark
ke (BVII.1) = 1.00441(17) ke (vers3new) = 0.99334(16)

el -32

| A *4& \‘ %‘ ~+o k(ff (exp or|g|n)
‘ AN NN N k off = 1.0045 >0(7(?

kegr (BVII.1-origin)

sp. +587 5((MFZ—LEAL)—(MF2—BVII.l)):—49 pcm

kegr (vers2- or|g|n)

n,n' -5
el -17 Y

A A
. n,2n +39 >
keg (vers3new-origin)

L oal ‘ n,f 4299
new
v +209

fis. spectra -570\ ml,

~ +283
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. 929K .
Fresnel Representation - ?3°U eval. DE-RE-construction

MCNP study of the ZEUS-4 critical benchmark
ke (BVII.1) = 1.00732(14) ke (vegs3new) = 1.00159(19)
n,v +1199¢l -5 Y VTY

2n -28|n;
)vn,n SnS

n,f 463

n,y +618

fis. spectra +296

kegr (vers2- or|g|n)

by = 1.00160(80) & NS >\\k}\(%x\b origin)=(vers3new-origin)
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. 929K .
Fresnel Representation - ?3°U eval. DE-RE-construction

MCNP study of the ZEUS-4 critical benchmark
ke (BVII.1) = 1.00732(14) ke (vegs3new) = 1.00159(19)
n,v +1199¢l -5 Y VTY

2n -28|n;
)vn,n SnS

A -9 o
o T
S 6((MFZ—LEAL)—(MFZBVII.l))
Ep I
N
< 5L -545 pcm!
< new
n,y +618 .-
keg (BVIl.1-origin)
o
fis. spectra +296

kegr (vers2- or|g|n)

by = 1.00160(80) & NS >\\k}\(%x\b origin)=(vers3new-origin)
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Status of the 2%°U evaluation

vers3new <—> vers4
some improvements on rapid benchmarks were performed,
but not enough,
this file has to be tested with many other benchmarks,

thermal ....
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